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(1 Liquefied petroleum gas (L.P.G.), as fuel, recently has become very popular for room-heating, home-cooking and fuel for motor cars. On the other hand, cases of the intoxication due to noxious gases produced during its burning and chances of suffering from L.P.G. poisoning have increased remarkably in Japan. In fact, several cases of L.P.G. poisoning have been reported (Papp 1959; Shikata et al. 1961; Tolnay 1963; Fukita and Sugimoto 1965; Nagata et al. 1971 ). However, little is known about the effect of L.P.G. upon a living body and almost no electrophysiological studies have been made about it.
In the field of brain physiology, the concept of the reticular activating system was reported (Moruzzi and Magoun 1949) . The diffuse thalamic projection system was reported (Jasper 1949) and also studies of the limbic system have made progress. On the bases of these concepts many problems in this field were clarified or solved. The authors, considering the recent trends in this field, con ducted an electrophysiological experiment to clarify the effect of L.P.G. on the central nervous systems. This was done by observing the behavior, E.E.G. and E.C.G. of rabbits implanted with subcortical and cortical electrodes.
MATERIALS AND METHODS
Experiments were performed on 20 male rabbits weighing 2.8-3.3 kg. During the procedure of implanting the electrodes into the brain, the rabbit was anesthetized with nembutal and the head was fixed to the Todai Type Stereotaxic In strument.
After the surface of the skull was exposed, drill holes were opened in the skull. In general, 4 concentric needle type subcortical electrodes and 2 silver-ball cerebral cortex electrodes for a rabbit were placed stereotaxically through the holes in the skull, according to the atlas of Sawyer et al. (1954) . The positions of cortical and subcortical electrodes were as follows: cortex limbicus at posterior (P) 11, lateral (L) 2.5; cortex sensitivo-motorius anterior at (A) 4, L3; anterior hypothalamic area at Al, L1.5, height (H) -2.5; amygdala at A3, L6.5, H-5.5; hippocampus P4, L3, H4.5; N. centrum medianum of the thalamus at P5, L2, H-1; posterior hypothalamic area at P1, L1.5, H-3 and reticular formation at P8, L2.5, H-2. For the recording of E.E.G. and E.C.G. a polygraph, RM-150, Nihonkoden, was used. Electrical stimulations were made with the Stimulator, MSF-3, Nihonkoden, through the implanted electrodes. We studied the effects of seizure discharges in the neocortex, hip pocampus and amygdala after stimulating each area with high frequency stimulation (300 c.p.s., 0.5 msec duration and 5 see), and the effects of arousal responses produced by high frequency stimulation of the midbrain reticular formation, the anterior hypothalamic area and the posterior hypothalamic area, and the effect of recruiting response produced by the low frequency stimulation (8 c.p.s., 1 msec duration and 5 see) of the N . centrum medianum of the thalamus. After the experiments their brains were fixed in 10% formalin for subsequent histological examinations.
The concentration of L.P.G, in this gas chamber was measured by Shimazu GC-2B gas chromatography equipped with Model HFD-I dual hydrogen flame ionization detector (Inamoto et al. 1966 ). The oxygen concentration was measured by Kitagawa's gas detector and detecting tubes, made by Komyo Rikagaku .
RESULTS
L.P.G. concentration in the specially designed gas chamber
The L.P.G. used is the one commercially sold , designated as Japanese Indust rial Standard (JIS) NO 3, and contained in 10 Kg-home-sized tanks . The ratio of constituents of L.P.G. differs at the beginning and the end of gas emission from a tank; the relative amount of propane decreases while that of n-butane increases gradually. So, the first one third of the gas in the tank was used. The typical constituents of L.P.G. at 60 minutes after the onset of L .P.G. insufflation are as follows: ethane 5.3, propane 49.9, n.butane 11.2, propylene 27.5 and iso-butane 4.3%. The L.P.G. concentration in the gas chamber was about 30% of the air at 60 minutes after the onset of L.P.G. insufflation and about 70% of the air at 120 minutes. The oxygen concentration in this chamber was about 10% at 110 minutes after the insufflation of L.P.G. At this degree of 02 depletion, no E.E.G. change could be found, even when the period of experiment was to 120 minutes.
Behaviors of the rabbits and their E.C.G. and E.E.G.
The animals used were 20 male rabbits, 5 months of age. Before L.P.G. insuffiation, the heads were in normal positions and with ears straightened. At the time, a typical rabbit showed pulse rate of 294/min and respiratory frequency of 72/min. While L.P.G. was slowly insufflated the rabbit was licking, smacking, sniffing, jumping up occasionally and walking around. When the L.P.G. concent ration reached up to 35%, the walking gradually became difficult and the rabbits occasionally squeaked in excitement. The pulse rate and respiratory frequency increased to 336/min and 101/min respectively and the E.C.G. showed arrhythmia with extrasystole. When the L.P.G. concentration reached 60%, nystagmus appeared. When the concentration came to 70% at 120 minutes after the start of insuffiation, nystagmus became somewhat less, salivation became prominent and muscle became weakened. Pulse rate and respiratory frequency decreased to 240/min and 65/min, respectively. E.C.G. showed a depression of ST and an inver sion of T, suggesting myocardial damage. 
Seizure discharges
In order to ascertain the result mentioned above, the authors studied the degree of functional disturbances in the neocortex, hippocampus and amygdala, by observing the seizure discharge after stimulating each area with high frequency stimulation (Kaada 1951; Miyasaka and Kawamura 1963; Komura 1967). While a marked depression was observed in the seizure discharge of the neocortex follow ing stimulation at 120 minutes after the start of L.P.G. insufflation, the seizure discharges from hippocampus and amygdala showed only a slight decrease of amplitude but the duration remained almost unchanged. These observations suggested that, in this stage of L.P.G. intoxication, the neocortex received an inhibitory effect while the hippocampus and amygdala received facilitating effects. As amygdala showed preseizure or seizure spikes spontaneously without external stimuli while hippocampus showed these spikes only after stimulation, amygdala seemed to get stronger facilitating effects than hippocampus. It now appears established that the ascending reticular activating system is concerned with consciousness (Moruzzi and Magoun, 1949) and recruiting responses, which are induced in the neocortex by the low frequency stimulation of the medial nucleus of the thalamus, also are closely concerned with consciousness (Verzeano et al. 1953 ). The marked hypofunction of the systems, which were observed in this experiment, suggests a strong disturbance of consciousness. At the same time, the hyperfunction of the hypothalamic activating system, especially of the anterior hypothalamus and the amygdala, was observed. DISCUSSION Wolf and Menne (1937) observed a decrease of blood pressure, bradycardia, arrhythmia and an increase of pulse-pressure in their experiment, with a 50% concentration of "Propanflussiggas". These symptoms improved or disappeared after the blocking of the both-sided vagal nerves or upon the administration of large amount of atropin. In their experiments with rats, the animals became excitatory or anesthetized as the gas concentration increased, and at the recovering stage spasm and hypersalivation appeared.
OA various activating systems
There are many similarities between their findings and ours. In our experi ments, as the animals were recovering from their intoxicated state, the E.E.G.
from each area rapidly changed to arousal patterns and in the amygdaloid or anterior hypothalamic E.E.G. preseizure or seizure spikes were sometimes observ ed. The fast waves indicate arousal or excited states, and seizure spikes in amygdala suggest the excitation of the parasympathetic system, which accelerates salivation. These results seem to explain the phenomena observed by Wolf and Menne (1937) . Shikata et al. (1961) observing rats exposed to L.P.G. reported that the gas had anesthetic actions and caused motor disturbances. We found with L.P.G. intoxication the marked hypofunctions of the ascending reticular activating system and of the diffuse thalamic projection system, which are profoundly implicated in the maintenance of the conscious state (Moruzzi and Magoun 1949, Verzeano et al. 1953 ). As for the cortical E.E.G. in animals, Inamoto et al. (1966) reported that prominent slow waves appeared in L.P.G. intoxication. This seems to be the only other report on this subject besides ours that is similar to theirs.
According to the experiments of Matsumoto and Yoshida (1965), the lethal dose of L.P.G. concentration for rats or rabbits is between 65 and 68% and the anesthetic dose is between 40 and 50%. These values did not appreciably change when a hvpoxic state was avoided. Our results support their observations.
As to the arrhythmia in our experiments, Wolf and Menne (1937) also reported similar findings. The extrasystole in our experiments is said to appear also in propylene gas intoxication (Sollmann 1957) . We observed the depression of ST and the inversion of T on E.C.G. We are not aware of any studies that observed the occurrence of these. The findings on ST and T suggest the occurrence of some degree of myocardial damage.
Based on the results mentioned above, in the case of L.P.G. intoxication, there was certainly a cardiac damage as well as the stimulation of anterior hypo thalamus and amygdala. The function of some other area which acts inhibitory against hypothalamus and amygdala might have been depressed. It is also important that the authors could confirm that both the ascending reticular activat ing system and the diffuse thalamic projection system suffered marked hypofunc tion.
